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ABSTRACT 
a a In this study, which involved 87 freshman English 
sr students at Erigham Young University, the variety of practice items 
and*the strazegy.of Practice (convefgent or divergent) were 
systematicaZly varied, in order to assess their effects on a 
wttle-finding sk. The task was presented in an expository fashion, 
using both rules and practice, and in a discovery format, using 
practice only. Previous research indicates that the discovery mode 
facilitates transfer, but not retention, of knowledge. Conversely, it 
i has been found that the expository mode facilitates retention but 
impedes transfer. Lata ccllected in this study reveal that the amount 
and tyPe of rule divergence, not the mode of presentation, are the 
crucial factcrs in Producing transfer of learning. Thus, the 
expository mcde of présentation can be just as effective in producing 
transfer learning as is the discovery mode, if divergence in the 
Practice strategy is provided. Likewise, the performance levels 
attained with both modes of presentation are greatly reduced if the 
degree of practice~strategy divergence is restricted. (Author /KS) 
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Abstract 

; Ina s tudy invalving 87 Freshman English students at Brigham Young } 
Mniversity, the varrety of prachice items and the strategy of practice . 
(convergent vs. Rergent) were systematically varied to investigate the} iro 
effects on a rule finding peer using both expository (rules + practice) \" 
and discovery (practice only) modes of training. Convergent practice i 
consisted of practice involving closely related practice items, while 
divergent practice consisted of practice involving rules more distantly 
related. Previous research (Guthrie, 1967) had shown that the discovery 
ade BeneaKs to facilitate transfer, but not retention and that the 
expository mode fehl tates retention, but impedes remote EPONSTERs The 
results of the Rresent ‘Hid indicate that ‘the amount and type of exposure | 
to rule divergence is the important ‘factor in producing transfer learning. 
and not the presentation mode (discovery versus expository). The _ 
expository presentation mode can be just as effective in producing franeter 
learning as the diseawery mode if divergence in the practice strategy is 
provided. “Likewise the sepraananee with. both presentation modes is 
greatly reduced if the degree of Svaeticecctvateay divergence is restricted. 


The limits of the advantage of increasing exposure to divergent rules were 


also explored. 


Tt has been widely held that retention learning is Poshevea by 

“teatnine with instructional materials containing rules plus practice 
(Craig,, 1956; lasefrud & Meyers, 195 Kritell, 1957; Wittrich, 1963), 
whide transfer aed is fostered training in the so called "dis- 
covery" mode which includes practic slits Geanicveay but excludes a . 
presentation of the’ rules involved fennel. 1961; Suchman, 1961; Gagne 
and Brown, 1961). However, the evidence for the siipertortey of the 
diactery mode. in producing transfer learning has been gueatat. The 
“eae dseenteivne study to date seems to be one published by John Guthrie 
in 1967. 

The Guthrie study used three training modes to teach college seniors 
how to decipher cryptograms Palenuiwed words): (1) a rule-example 
(expository) mode, (2) an example-rule mode, and (3) an example-only 
ttcraceeny mode. The test soneened of three different types of tasks: 
(1) retention tasks, (2) ieee tasks digi (3) remote transfer 


u ‘ 


tasks., On the retention tasks, the rule~example group was superior to 


de 
all other groups including a no-training control group and the other 
groups did not differ. On the near transfer tasks, the example-only . ry 
, SG ‘ : u 
group and the example-rule group were superior to the control and to the 


t 


rule-example groups, but did not differ from each other. On the remote 
: a 
transfer task, the example-only group was superior to all others, the 


example-rule and no training groups did not differ, and the rule-example 


group was inferior to the others. Guthrie cpncluded that "the discovery 


method appears to facilitate transfer, but not retention" and that 
“expository instruct ion facilitates retent ion, jbut impedes renote 
transfer." is 

The implication thit an cxpository presentation mode is not ei fec- 
tive for Ceeee transd er learnings is a be basis of the 


4 : 
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‘tice we are able to reduce the score df subjects in the di 


| 


evidence provided. The study is biased against the expository presentation 


mode by the fact that only. 
that the rule-exanple group|liikely received fewer\practice items se - 
did the other groups. Divergdnce of rules and pra tice items, i iceane 
strategy and the number of rul send practfce items are likely much more 
important factors in facilitat ng far transfer than jis the ardeentetton 
mode (discovery eevews expository). Indeed from the results of this 
study it might be argued that the example-only and the aguiteeare 
groups Learn little from the t ive that they didn't already know. 
Their performance over the control group (which incidtntally might be 
construed merely as ,a discovery group wich less practice time) might be 
due purely to pra¢tice at trying to decipher cryptograms, on their own. 
On the other hand, sees cleats P rformance of the expository group may 
very well be an artifact of interflerence due to the hacer an 
irrelevant set of rules with no ch Hee we dpeepiies any of the skills 
ene wich be useful in the transfdr tasks. 

The present experiment. was destigned to test the possibility that 
the expository presentation mode might be made more effettive in enhanc-— 
ing far transfer learnfing if the suhjects were provided @xposure to 


‘ 


divergent rules, divergent practice And greater numbers of rules. If 


these variables.are the important ones in producing effective far transfer 


learning, then we should be able to show: (1) that by increasing the 


exposure to divergent rules and/or divergent practice we are able to | 
increase the scores of the subjects i 
¢ 


the expository groups and (2) 


\ 


. 

5 ¢ (a 
COVeETY FTrOUpS. 
In the present experiment we werc| mote interested in the effects of 


the type of practice than we were in the amount of practica; therefore, 


hE 


. 
‘ 
. 


we\held the number‘of practice ingtancds ‘constant for all the different 
: a) 3 ; = i : 7 \ ’ : 
frdatments in practice strategy. : oy 


. 
’ \ . 


In a pilot study we found that solving wkdividual cryptograms: was a 


ver easy task for most students. To avoid a possible ceiling effect, 


we d cided to change the task into a more‘difficult rule finding one. 


' 


This \proved tea be a more effective task in discriminating differences 


. , Pt - 


between the different practicé strategies. We also decided to: eliminate ' 
.t Guthrile's example-rule group from the present study because in five of 


. \ P. ‘ 


the six comparisons made by Guthrie between the example-only group and 
ar) - : ; ‘ 


the example-rule group, the two groups were not significantly different 


, © ° ee 7 Lf 
from each other. ° fo 
ed , « 
» 


4 We hypothes iad then that performance on a transfer task will be 


improved using the expository presentation mode, just as it is using the 


Pixcoreny mode , when some degree of divergence in the practice s 


- ‘e 


trategy . 
‘ a, Cam ; : wr 
is provided and that performance on a transfer task will be reduced 


‘ 


using ‘the discovery presentation mode,,just as it is using the expository 


mode, when the degrde of divergence in practice strategy is restricted. 
4 We also thought it likely that improved performance with increasing | 
exposure to divergent rules will occur only up to an optimal point and 


that beyond this point performance will decrease due to the inability of 


. the subjects to handle excessive numbers of rules. In an effort to find 


‘this point for the rule finding task used in.this experiment, we provided 


a range gcc from three to nine rules. 


etel 


Tt is also'likely that performance will improve with a certain 
Pez : 
amount of convergent practice within each category of rules presented. 
rot | a ee ° 
Therefore, ve provided a range of convergent practice instances fron 


i 


; 
three foy cach pale category to eighteen for one of the categories, In 


a simtlur manner we. varied the exposure to divergent practice from nire 
mG 
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Materials 
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_to eighteen instances to correspond to the varying degrees of convergent 


vo. ‘ 


praetice while maintaining the total number of practice instances used 


for all groups at cighteen. ~ 


. 


METHOD 


task selected for the study was a rule finding task that involved 


‘finding a common solution rule that could be used to solve all three 


. 


cryptograms of a triplet set. As in the Guthrie-study, a eryptogram for. 


the present study was a work that had been altered in some way to dis- 


‘guise it. 


The rules for solving the cryptograms consisted of three main 
categories: addition, substitution and transposition. The rules were 
similar to the ones employed by Guthrie, but were expanded to inelude 


the new category of addition which was not employed by Guthrie. Below 


are listed examples of a rule from each category: 
Addition: Add an "S" to each word, 
substitueion: Change the fourth letter to the one preceding — 
it in the sohbet 


Transposition: Reverse the order of the first three letters of 


the word. 


The above examples happen:to be the ones that were used for practice 


treatment IV. 
x 


The. rules for each practice segment were located on the page in the 


training booxlet imngdiately preceding the first practice page of that 
segment. Each page of practice instances consisted of three triplet 


sets of crylusram., a blank after each cryptogram to Fill in the solulions 


‘to each cryptogram, and a blank after each triplet to write in the rule 
that’ provided the solution to each of: the cryptograms ‘i the triplet. 
The subjects were instructed to be as specific as possible in writing 
the solution rules. 

Treatments , 

There were six main treatment conditions which systematically . 
varied the number and. types of practice instances or examples to which 
each group was exposed. The types varied from 1 to 3 categories. The 
number of instances presented to each student was held constant (18 
instances) as was the content of the instances as far as possible, 
so that the type of practice; and not the amount of practice, was the 
~ mini pulated variable. Practice within one type of example was termed 


convergent practice (CP), while practice with more than one type of 


example was termed divergent practice (DP). The most purely convergent: 


practice group (Group I) was exposed to only one type of example, while 
the most purely divergent practice group (Group IV) was exposed to 


three types of examples and no convergent practice. The other four 


groups were mixed practice groups having varying degrees of convergent. 


and divergent practice. t 
Table 1 gives a brief description of the st#x types of practice it 
they were constituted in the expository presentation mode to give the 
reader an idea of the differences between practice groups. Groups II 
and III were labled as having only convergent practice, although they 


were exposed to divergent solution categories, because their practice 


was always within categories and never across categories. Both the 


convergent practice and the divergent practice consisted of equal numbers 


ae instances from each rule preceding them. The practice or 


ee ee a : a ; 
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Ss 


ee uy E : pt ae ‘ 3 ; A % ‘ 
‘ ‘\ Sliquisitory- instances (leg's) within each practice segment were randomly 


t 


érvanged so that the.’subjects would have to look at the instances to 


identify the rule which governed, each. 
ek wo: Oe 
ee , ‘aa rf : i : A; ee 
Insert; Table’? aboyt“hére’ = * 
ak . 
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The discover presentation mode consisted’ of exactly the same instances 
as in the expository mode, however the rules were not provided before 
each practice segment. The subjects were instructed to discover the 


rule that applied to each instance. 


Tests 

Each student took an identical test which consisted of twelve randomly 
ordered cryptogram triplets--three sets for each of four different solution 

- categories. Three of the categories wére those used in the various 

training groups (illustrated in Table 1) and the fourth was a deletion 
category. The test wae designed to replicate each of Guthries's learning 
tasks: rentention, near-transfer and far transfer.” F 

The retention task consisted of the three erialets from the addition 
category. Although the addition cryptograms were ones that had not been 
encountered before, each addition triplet had as its solution one of the 
three addition rules previously encountered in training. Only practice 
group IV had a retention task slightly different from the other groups. 
The exact nature of this difference can be titerced from Figure 1 and wil) 
be explored in more detail in the Discussion section of this paper. 


Insert Figure 1 about here 


The near transfer task was realized whenever the Subject had training 
in a particular sehunion category and was posted Ph that category by crypto- 
grams requiring a solution rule from that category, but not a solution rule 
identical. to one already encountered. An exact breakdown of the near 
Eranie Fer déebis-aiy be seen in Figure 1. , 

The far transfer task was realized whenever the subject was tested by 
a solution category that he had not previously encountered iene ioure Iz 
Procedures 


Three different procedures were used for scoring the tests: the first 


allowed six points for each triplet (one point for each of the three 


* 
“a 


cryptomgrams and one to three points for the rule; depending on the degree 
of specificity of the rule), the second allowed only the three points for 

the degree of rule specificity from the first procedure, and the third was 

an all or none scoring procedure in which one point was awarded for the 

rule only if it received at least two points in the second scoring procedure. 
Thus, the first scoring procedure allowed points for a preliminary problem 
solving task very similar to the one used in the Guthrie Study as well as 

for the rule finding task, while the second and third scoring procedures 
allowed points only for performing the rule finding task. 

Design 


The 2 x 6 x 4 factorial design is diagramed in Figure 1. The third 


factor (the 4 solution categories on the test) consists of repeated measures 


x 


on the same subjects in each of the other twelve conditions. 
Subjects 

The subjects were 87 freshmen English students at Brigham Young» 
University who participated in the experiment during one of their normally 


scheduled class periods. The students were randomly assigned to one of the 


. id 


\ 


twelve conditions as they entered the classroom and each was.allowed to 
work through his training booklet and test at his own rate. Seven students 
were excluded. from the data analysis because they did not complete more 


| j 
than two di of the four-page test. 4 ; , 


RESULTS 

A multivariate analysis of variance for unequal cells was run on the 
three factors using as dependent variables the scores resulting from the % 
three different scoring procedures. Then separate univariate analyses were 
made using each dependent variable. A : lit plot model (Yijkl = y + Aji + 
Bj + ABij + S(ij)k + Cl = ACil + BCjl + ABCijl + E) was used with the same 
subjects for each practice group (factor B) serving as subjects for each 
solution category (factor C). | 

The nee hehe analysis’ showed significant differences for all of 
the main effects except presentation mode, for all of the two-way MEST ACT ONS 


and for the three-way interaction. The effects for practice strategy (U = 


.6138084, df 


5/68; F = 2.354, df = 15/182.6) and solution category (U = 


4696037, df = 3/204; F = 19.901, df = 9/491.8) the presentation-mode x 
solution-category interaction “(U = 0.7961647, df = 3/204; F = 5.365, df = 
9/491.8), the practice- strategy x solution- <eabeauey interactT$n (U = 
0.4430116, df = 15/204; F = 4.210, df = 45/600.9) and the presentation-mode 
x practice-strategy x solution-category interaction (U = 0,6640837, df = 
15/204; F = 1.973, df = 45/600.9) were all significant beyond the .01 level 
of probability. Although the presentation-mode x practice-strategy did not 
reach significance by the U-statistic, it was significant using the F- 
Statistic (F = 1.700, df = 15/782.6, 0 = 05}. 

Although, the three univariate analyses all yielded similar results, 


the scoring procedure giving credit for rule specificity as well as indivi- 


it 


10 


duat cryptogram solutions seemed to discriminate most effectively the 


P siperenanae’s among the various independent variables. [(Rule + crypograms 
= 6) > (Rule = 3) > (Rule = 1).] + Therefore, only the results of this 
analysis wi be reported in detail here with occasional allusions to 


contribution from the other two analyses. : / 


The univariate analysis showed the most highly, significant effect for 


iT} 


solution category (F = 28.54, df = 3/204, p< .01). ‘The main effect for 


practice Strategy (F = 5.38, df = 5/68, p <.01), the presentation-mode x | 
solution-category interaction (F = 7.35, df = 3/204, p < .01) and the 
practice-strategy x solution-category interaction (F = 2.59, df = 15/204, p < | 
.01) were also significant as in the multivariate analysis. However, the 
presentation-mode x practice-strategy interaction and the three way inter- ! 
action were not significant in any of the univariate analyses, although 
both were significant in the multivariate analysis. 
| A Newman-Keuls Sequential Range analysis was used to interpret the 
main effects and a Duncans Hew Multiple Range analysis was used to interpret 
the interactions. The Newman-Keuls Sequential Range analysis of. the 
practice-strategy effect showed that strategy II (convergent practice with 
two rule types) is significantly better (p < .01) than all other strategies 
in achieving overall effectiveness in finding rule solutions for cryptograms. 
None of the other means were significantly different from each other. 
"The NewnancReut sdnatysis of the solution-category effect indicates that 
PoP Bar subjects “<p < .01) are site to find addition rules than > 
yyare able to “Fin any other, type and that significantly fewer (p < .01) are 
able to find transposition rules. Thé relationships of the solutions found 
inde each category can he represented as follows: addition (mean = 8.400) > 


deletion (5.212) = substitution (4.912) > transposition (2.554). 


~ ee 
_— 


rat 


TP 


‘The Duncans New Multiple Range Analysis of the presentation x. solution 
interection indicates that those trained with the expository presentation 
mode Find significantly more (p < -01) solutions in the addition category 


than in any other solution category and that’ they find significantly more 


‘Solutions in this category than do any of ‘those trained mie the ee 
: presentation note no.matter which ‘solution category 16 considered {see 
fable?) ‘Those trained with tHE expository presentation mode also find 


“significantly more (p <.01 & p < .05 respectively) solutions in the substi-.« 


tution Gneaainy than iney.do9 in the transposition and deletion categories. 


eae ae ae 


Those trajned with the discovery presentation mode find significantly, 


- nore solutions in both the addition and deletion categories than they do in. 


~ 


the transposition and substitution sategonies: (p < ol & p < .05 respectively, 
see Table 2). . eg oo 

The most interesting presentation x solution interactions, however, 
are those between the two presentation modes in the addition and in the 
deletion ‘categories. The ‘number of solutions found in the addition cate- 
gory by Sisce trained, with the expository Aaa is significantly greater (p * 


01) than the number found by those trained with the discovery mode, while 


‘in the deletion category the number of solutions found by those: trained 


with the dienes mode .is significantly greater (p < .05) than the number 
found by those trained in the expository mode see Table 2). Since the 
.. \addi tion solutions are essentially all retention cautions and since the 

i 


deletion solutions are all far transfer solutions,’ these differences must 


be attributed to the general superiority of the expository presentation 


12 


w 
‘ 


‘ mode in retention learning and the general superiority of the discovery 
mode ah baw paneer ewdiny, This confirms the results reported by 

third in 1967. Although those trained with the -discovery mode perform 
significantly better on far transfer items than do those trained in the 


exposit 


pry mode, this advantage in the far transfer jtask is not enough 


‘. £ 
4 


; - to over¢ome the advantage in.the retention’task of those trained with the 
alia ‘ 


exposit@ry mode. In other words those tained with the’ expository mode 


ee: ¢ f = ; ° 
do bettBr in their specialty (reteantionWlearning) than those ‘trained 5 
with tHe discovery mode do in theirs (far transfer learning). 

. 2 =r e Duncans analysis of the ractice x solution interaction showed that 


there ere many significant differences. .All of these differences important ° 
to ouq hypotheses are reported in Table 3 with their respective significance 


*  levelg. Only some of the more interesting differences’ are méntioned“here 


ese differences suggested in the Discussion 


yy ’ 


with’ possible explanations for t 
f i 3 


@ e 
“ 


j t = 
the subjects using practice strategies I and II did significantly 


“(p pol) on the addition solutions than did the subjects of any. 
othe practice strategy group ‘exgept group ITI. ° Likewise in the substi tu- 
ategory group II did-significantly better (p< .01) th n all other 


group$ except group III. In_the itransposition category, all of the means | 


* 


Howevdr, the mean for group VI ais |\very close to being signifygantly better 


antly better (p < .01) thah all of the other groups. Furthermore, 
I is significantly better (p < .05) than group I (see Table 3). 
“of the addition means are higher than the means of the other 


categor és and significantly higher {than iiost of the means sida respective 


‘ 


he 


Ww 


* “Yy 
i ‘ ‘ é 
‘ ps., This is especially true ‘for group I where the addition mean is ; 
\ ze ificantly higher i 2 .01) than all other means (see Table 3), 
eae ' . ay ; 
Ke i ; " 4 : 
\ = ‘ ate ge ere ee ee SSS eS Se fey : ‘ 
. ‘Insert Table 3 about here 
a é 
: * . 

\ : a-ha —-— — aes —_ —_ — — —, Ps 

1 a) 

a", All of the: di Ffenences from thé twb- -way interactions will make ‘more. 

pe, 

P * serise when fookdd at in ane: context of the three-way interactions so a 
‘detailed. discuss fon will be presented in the Discussion section of this 
paper.) = ioe a. ors “ 

tek, : The presentatjon practice x, solution interaction likewise had many 


‘4 


significant dif ferencds nd all of these are ingteaved in Table 4 along | m4 
[ | 
with thee respective probability feuats: A detailed: interpretation follo - 


in the Discussion section. 
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DISCUSSION. 
The analysis of the presentation mode x practice-strategy interaction 
cons iderea by itself, clearly supports the conclusions of the Guthrie 


study. However, when we look closely at the presentation-mode x practice- 


Strategy x solution-category interactions, it becomes obvious that these 


conclusions are misleading and that our alternative explanation for Guthrie's ~ 


resu+#s is supported. Guthrie's interpretation, though plausible for the 


; « 
_, data he reports, is not consistent with the additional information added by 


\ the three- -way interactions. 


’ The analyses of both the praetice- sbeatedy main effect and the practice- 
strategy x solution-category fie eenceions clearly indicate that practice 
strategy II is significantly better than all other practice Strategies in 
both presentation modes and that itis better for all solution categories 


except transposition. The levels of significance for these differences are 


shown\in Table 3. The analysis of the three-way interactions further 


‘Subs tancia tes the superiority of .the strategy I1 and gives more insight © 


inta the mature of this superiority (see Table 4). | 

An: examination eT HHe performance of practice group II on both transfer 
tasks clearly scnpares our hypothesis that performance on a evans fe6" task 
wil] be improved ustiig thE eipoditory presentatfon mode, just as it 3 is’ 
using“the discovery mode, when some degree of .divergence in the practice 
strategy: is provided. The score in the substitution solution category 
serves -as a measure of near transfer for strategy II. Although the near 
transfer’ mean (9. 2857) is higher for the expository presentation mode than 
for the dixenveiy mode (mean = 8.8571) 5, this sibce is not significant - 


(seé ‘Table 4). Honetheles's, the fact that it is equal to the corresponding 


“p 


discovery mean and significantly higher than other near transfer score 


nc flghest mean for the expository mode in the delétion palegory even though 


it 7§, not Shatss hieahsy higher than most of these other means. In addition, 


using Strategy -I. Clearly it must be regarded as an’ improvement. Thus, in’ 


means (especially the mean for strategy I) indicates that performance has 


e 


improved when rules from two divergent solution categories are presented 


and practiced using the expository mode. ‘ \ 


ee eee eae eee eee ei i es 


The results of the far transfer tasks for practice stiatedy II like- 
wise tend to confirm the hypothesis. "Both the deletion and the trans- 
position solution categories are far trans fer tasks: for strategy Lk: 
Although. the mean in the davecten category for. sabes Aeposi tory! thode (7.2857) 
looks low compared to the corresponding mean oF he discovery mode . (2. 1430), 
it is: not significantly lower (see Table 4). This means that | be: must 
consider the means to be equal. Furthermore, this is the men performance 
for the discovery mode in the entire study. Clearly aha is an example - : 
of a case where the. expository mode of presentation is at least Statistically 
as effective in far transfer learning as is the most successful discovery-mode 
achievement of. the ‘study. Even ‘if we regard the Kes erinahee of th® expository 


mode in this case as inferior to that of the discavery mode, it, is still the 


* 


} 


it is statistically higher (p <.01) than the corresponding discovery value 


a far tramsfer task as well, the introduction of divergence appears to have 


improved the performance using the expository mode of presetatan 


The performance of both presentation modes on the, far transfer task in 
Rives 4,’ ' 

the transposition category is: very low, significantly lower than the peffor- 

mance on:the corresponding far transfer task in the deletion category (see 


\ , ; + a. AS 


“Table: 4). In Vin with results of this solution-category main effect analygis, 


this Seems / ‘to indicate that the transposition task is significantly more 
di fficuyt Lo x0 than the other tasks at least when presented in the 
order/ used, in the preeeie: study. 


‘Support for, offs ges ari hypothesis, that performance ona transfer task 


11 ibe reduced ine the discovery presentation nod’ when the degree of 

ai vekounes in practice strategy is restricted, is provided by the ‘per for- 
mance: of este groupe.I. All 18 of the practice triplets from this group 
weve from the addition Faun and could be solved by one of three rules.: 
The experimentors: felt that such a concentrated exposure to one category 
would likely establish 4 response set in both groups that would interfere 
with their finding solutions to-cryptogram triplets from any category but 
addition. This is exactly what a al \ 
|For this practice group all Categories but addition were far transfer 


a 
tasks and every fae transfer task was handled in exactly the same way. An 


examination of the tar transfer cell means from Table 4 will show that all 
of them are very dla to each other. An examination of the raw scores is 
even more revealing. with the aIStOvery mode using the all or none scoring 
procedure, all seven subjects found not even a single solution in the 
deletion category, only one found a solution in the substitution category ° 
and three found solutions in the transposition category (one student finding 
two solutions. ) ; 

The results were “very similar in the expository noes with only one 
student in eight finding two solutions in the eiuettearte category (the 
rest finding none), likewise for the transposition category, with two 
students and finding two solutions in the deletion category. 

In the addition category which was a retention task for both pre- 


d 


sentation modes, subjects outdid the discovery mode two to one when - 
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trained with the expository mode, averaging slightly better than two out. 
of three correct solutions. The discovery group averaged slightly more 
than one correct solution out of three. | 
The third hypothesis, that improved performance with ther asing exposure 
to aivergent rules will occur only up to an optimal sated beyond which it 


will decline due to the inability of the subjects to remember excessive 


numbers of rules, was also supported. It appears that for the \conditions 


‘ t 
of this experiment six rules, three from each of two divergent ets, seem 


to’ produce the optimal results {see Table 4, practice strategy II), with 


both the expository mode (total = 31.428) and the discovery mod (total = 
5.286), attaining their maximum level of performance under these conditions. 
nder these conditions the expository group still tends to maintain a 

light edge over the discovery group on retention tasks, while the discovery 
roup maintains a slight edge over the expository group on far transfer 

sks. 

When an additional divergent set of three rules is added as in practice 
rategy LYE, performance tends to diminish in all categories, with the 
tention task diminishing most slowly. However, all three tasks studied 
Guthrie tend to be affected differently as the various parameters 
investigated in the present study are varied. -To see more eleahty what is 
gping on within each 1eavaind task we must simplify the number of variables- 
under consideration. | 

There is a lot of noise in the data as represented in Table 4. Most 
of this is fe to the fact that the solution categories are not all equally 
ifficult. From a control study that we conducted ‘at the same time as the 
epofted experiment using a control group that received only the test, it 


was found that solutions from the deletion category are inherently easier 


J 


"49 


4 


18 


e 
, 


to find (p <.01) than are solutions from the other categories, which did 


not differ de alii from each other. Furthermore, pre-exposure to the 


addition and supstitution ce ae tends to induce a set in the 
SUEDE that makes the transposition category more a than it would 


siherutee be. These effects could be controlled for in “future studies by. 
\ “a 
systematically altering the presentation order as well as; the category/task 
NP 7) Ao Pes 
assignments. ) 


However some of this noise can .be redused in the present experiment. by 
aaneiderhig together att “6f the cells belonging to each task, thus mixing 
the substi tution and transposition “éategories among themselves and the 
aieelen category. 

To get a igre complete picture of how the three transfer: tasks are 
affected using the six practice strategies . we can use the ‘ithe from 
the two previously unencountered addition rules in practice group IV to 
estimate’ authoritatively the results of a near transfer task for group I. 

The results of combining the solution categories into learning tasks, 
as well as the resylts of estimating the near tpaneter and re.eneran cells 
for practice strategies I and IV respectively, are graphed in Figure 2 to 
facilitate interpretation. 


For the retention task, both the expository and discovery modes tend 


to decline in effectiveness as the amount of exposure to divergent-category | 


rules is increased with performance in the discovery group consistently 
below that of the auettes group--though not significantly in the 
middle ranges of rule divergence (practice groups II, III and IV, see 
Figure 2). Note that although both practice groups III and VI have 


training with nine rules wah three rules from each of three divergent 


rule categories, only group VI receives divergent practice during training . 
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(see Table 1). In the expository mode alone this decline never reaches 


significance and tends to level off in the higher ranges of divergence 


e : with large numbers of rules (practice groups III, V, and VI,see Figure 2). 
Group IV tends to break this trend and.will be commented on separately. | 


The two presentation modes are Significantly different from.each other | 


in the retention task only for groups I and VI. For both of these practice 


\ 


groups, performance with the discovery BVESenariyh mode is significantly | 
a 


beloxsthat with the SHS T EONS mode. ‘In group 1 only three convergent 
oe ae of the addition asintton category are presented in training using - 
ve % + convergent practice. Apparently this is enough exposure for the discovery 
Js group to become familiar with only the general category (addition in this 
es case), but not with the specific rules. In other words in the discovery 
“mode, the retention task becomes identical with the near transfer task. 
There is no such thing as a retention task in the discovery mode. _ ve “ 
This is confirmed by comparing closely the aT SeOTEES mode curves for 
both retention and near transfer. As can be readily seen from. ‘examining 
Figure 2, these ewe curves ‘are nearly identical. At no paint, ¥ there a 
significant difference between them (except in group IVewhich will be | 
discussed later). This Salahis why fie berforuance with practice group II 
fi the discovery mode is so good. The subjects had successfully identified 
3 two solution categories and are able to average enone 1 1/2 solutions per 


category (50% of the possible) When a third sateenny * is added ,- it seems 


to frustrate the oe of any solution category and performance in all 


~ 


three categories deterioriates to an average level of less than 1/2 solutions 
per category (see especially group VI in Figure I and Table 4). This 
éf fect seens to be more devastating if the amount of convergent practice 


within each category is reduced and divergent practice is added. Compare 


o 
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the results of practice groups III and VI. To tease appart the effects lof 
these two variables (convergent and divergent practice) we would need ta do 
another study systematically varying each variable while holding the other 


ts 
constant. 


With the expository: presentation mode, performance on the near transfer 


aes task tends to approximate that for HORN modes on the far transfer task, 


therefore we ae include ‘it in our discussion of the far transfer mah 
In far trans fer learning both modes of presentation seem to be equally 
effective using all strategies s tidied in this experiment except strategy 
IV which will be discussed later. There are no ai gniticant di ferences 
o 2 between the modes of Presentation using any of the practice strategies 
studied (except strategy V2 cuekpie found significant differences 


iY 


between the modes because he oonpered the perforthance of a highly pasterated 


¢ 


expository group with an unrestricted discovery < group. Guthrie's acpovic 
tory group was restricted by exposing them to convergent rules of only one 
solution category during training. We have shown in the present etidy thet 
when both modes are correspondingly restricted by excessive exposure to 
only convergent practice and convergent solution categories, the perfor- 


mance of both modes is very. low on a far transfer task (see Figure 2, 


practice group I). The expository, near transfer group behaves in exactly 


sh. the same way when restricted by the practice procedures of strategy I. 
ne . Likewise, the expository, near transfer group behavés the same as the two 
Ne far transfer groups using al] practice strategies (except IV): there are 


no significant differences in the performance of these three groups (see 


Figure 2 and the appropriate cells of Table 4). 


* ‘ od 


Now let us examine the performance of these three groups using each of 
bo " the.practice strategies (except IV). As mentioned already, all three 


& groups are significantly inferior in performance on a far transfer task 
' Fe ? J a ty 
a. 


*. a 


k 


divergent practice between categories. 


finding task should be discoverable with a series of tightly controlled 


2 


when trained with the restrictive procedures of strategy I. Likewise all 
three groups improve when exposed to an additional solution category with 
convergent practice (practice strategy l1Iy. Al three groups decline with 
the addition of.a third solution category with only convergent practice 
(strategy III). Their performance remains the same when the third category 
is removed, but an excess of divergent spdetice (with a corresponding 
reniokton of convergent opactice) is introduced. ‘The performance of all 
tovae “Grete increases when the third solution category is added again, but 
this time with an equal amount of convergent and divergent practice per’ 
solution category. Perhaps the performance of all three groups could ‘be 
enhanced even further by increasing the amount of convergent practice : 
within each category and by correspondingly increasing the amount of 

It is interesting to note that while the three learning tasks. differ 
in Rare from each other. using practice strategies III and a their es 


performance on both tasks remains the same within each training task. This 


“means that the training variables are interacting proportionately with each 


other for all three learning tasks. A large number of rules (9) and a high 
level of solution category divergence with a correspondingly, high level -of 
convergent practice within each category with no divergent oraé tice Gaeis e 
to be functionally equivalent to a middle pane number of rules (6) anda 

middle range of solution category divergence with a tow Tevel of convergent ' 
practice within Sach category and a high level of divergent practice. All 
learning tasks are sane cia pet dete proficient using:strategy II than 
they are using strategies III and V. * | . 


The exact relationships between these variables on the present rule 
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experiments. Since this rule finding task is similar in nature to the much 
more important rule finding task of learning how to learn, it seems that an 
‘understanding of the exact relationships hetween these variables might 
potentially be very valuable. 

Another interesting question remains to be considered: why is the 
behavior on the near transfer task so different between the two presenta- 
tion modalities? Using the discovery mode, the near transfer task behaves 
een ree the discovery-mode retention ‘¥task. This was mentioned 
earlier by noting that in the discovery mode there is essentially no 
retentton task, but only a near transfer task, But why is the behavior for 
ie expository near-transfer task so much like that of both far transfer 
tasks? | 
| “The essential: difference between both near transfer groups arises in 
under practice strategies I and VI (see Figure 2). Strategy I is geared 
for feather a retention task,. while strategy VI is geared for a far 
transfer task. Both the discovery near-transfer task and the discovery 
retention task learn egsentially the same thing: to distinguish between 
-solution categories. Since:a retention task and a near transfer task 
involve essentially the same solution categories, subjects performing on 
both the discovery near-transfer’ task and the discovery retention task 
(which as explained earlier is essentially a near-transfer task) do well on 
the retention task which is in the same category that they have expertenced. 
(addition). On the other hand, since the expository near-transfer subject 
-are trained with a Specific rule in group I, they tear only this rule and’ 
not the solution category, therefore, they tend to treat a near transfer 
task like.a far transfer task. Ck . 

‘Turning to practice strategy VI, since the-discovery near trans fer 


_ students learn only the solution category, they may not be able to distinguish 
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new categories as the number increases and may persist in trying to fit 
the new cryptogram triplets into the old solution categories. Therefore, 
they perform poorly in condition VI. On the other hand, since the 
expository near transfer stidanke learn specific rules, they are more 
likely to notice that the solution\category has indeed changed when a new 
category is added. This increases thir expectancy for additional new 

, categories, so’ they do not persist as tong in trying to make the new 
cryptogram triplets fit the old solution category rules. 

One more question must be considered before we conclude our discussion. 
This question is concerned with the performance of the subjects trained 
with practice strategy IV. This group wide exposed to three divergent 
solution categories with only one possible solution from each and they thus 
received only divergent practice. 

The overall performance of this group when trained with the expository 
mode was significantly poorer than that for almost all other groups, while 
the performance with the discovery mode was relatively good., Although. the 
level of performance aay one of the solution categories with the dis- 
covery mode was not Rerencularly hdh's subjects were epget Steen success ful 
at getting an overall average of a Vigne ly less than 1 solution per category. 
This is the same type of per formance that one would expect froma group 
that had no training and dowvasporde closely, to ohe pattern that was followed 
by the no marine control group that was run simul taneously with the 
present study. 


Those trained with the expository mode in Group IV seem to learn each 


of the three rules practiced very well as is indicated by the perfect score 


’ that each subject attained on the single retention jtem that they received 


in the final test (see Figure 2). However, the performance of this group 
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seems to be narrowly limited to applying only those rules taught, or at 
best a related rule. Only one subject in,'this group found any: far transfer 


solution for any of the cryptograms and he was unable to discover the rule 


successfully. 
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Practice. ‘ TYPE OF RULE 


Total 
Group Addition (1) - Substitution (2) Transposition (3) Ieg's 
T 8. Bakes : _ . : 18. 
" , gf ~ CAE Deg's of CP) t . ‘ 
7 P . 0 - 8 
, 9 je ot 
Tee. Bats a Roya" 93 . . | oem 
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eae (+3 Ieg's-of CP) (+3 Ieg's of CP) . ' 2 (+12 Ieg's of DP) 
Ww i ; 0) 
F vy ; : oi. eM) : 
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. Note: The first number in the subscripts identifies the rule type and the second number identifies the 
rule within’ the rule type. . oa ; a 
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-puininTable,1. Constitution of the six practice groups used in the experiment. _ ; 
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Presentation Mode 


Expository f Discovgry 
Addition 
Substitution 


Transposition 


Deletion 


5.562 5.000 | 
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Those cells with the sane shading are 
not significantly different from each 
other, but they are significantly (p<.05)- 
different from all cells with different 
shading. Note, however, that the two 
substitution cells, joined by the bridge, 
are 2 Significantly different from each 
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Table 2. Estimated means for the presentation-mode x 
solution-category interaction. 
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‘ SOLUTION CATEGORY 


Addition Substitution Transposition Deletion Means Totals 
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-Table 3., Estiniated means for the practice- strategy x solution- ~category 
interaction, 
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SOLUTION CATEGORY | 


| Addition " Substitution’ Transposition - Deletion - Means Means Totals 

Exp Dis Exp Dis Exp vi Exp - Dis Exp Dis - Exp . Dis 

13.000 7.2857 72-0000 frl. 1428 2.0750 °2.7143- 
; ; 
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Mixed —, Divergent \~- Convergent. 


: <i oe) 8 : 
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Figure 1. Model Diagram for the analysis of data and breakdown of 
the learning tasks measured by the. different Solution categories 
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Figure D2. “Graph of the practice-stratesy data a the solution “categories into ‘Learning tasks.” a ee 3°71 
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